Timely, high-quality data from remote sensing can benefi t the study of physical geography in many ways (Wolman, 2004) . Rapid developments in remote sensing, particularly from satellite platforms, have generated much, often well-placed, enthusiasm about its potential as a powerful research tool (Skole, 2004) . Indeed, remote sensing is viewed by many as having come of age (Tatem et al., 2008) and can be deemed a mature discipline with its physical principles well understood and its range of applications a showcase of its versatility (Warner et al., 2009) . Historically, physical geography has benefited greatly from the emergence of new technologies, like remote sensing, and is likely to continue to reap benefi ts from further technological advances in the foreseeable future (Rhoads, 2004) . The beginning of the twenty-fi rst century promised to be a period of technological innovation, with remote sensing identifi ed as one of 21 technologies well placed to meet contemporary issues and challenges facing society (AllBusiness, 2001) . Given that many of these challenges involve the interaction between society and the physical environment (Demeritt, 2009) , and that there is an increasing need for all areas of science, including physical geography, to iterate their value to society (Rediscovering Geography Committee, NRC, 1997) , the close of the fi rst decade of the twenty-fi rst century is a suitable point at which to take stock of current trends and developments in remote sensing within physical geography and interrelated fi elds.
Remote sensing is useful for the physical geographer not only as a tool for data collection, with superiority over other techniques by virtue of its spatial and temporal coverage, but also because of the logic implicit in the reasoning process employed to analyse the data (Estes et al., 1980) . In addition to the experimental, hypothetical and case-study style of reasoning that tends to characterize the use of remote sensing within physical geography, there are increasingly operational modes of usage (eg, within meteorology and climatology, hazard management). Since the turn of the twenty-fi rst century more than 100 satellite sensors have been launched (www.itc.nl/research/products/sensordb/ searchsat.aspx) and numerous airborne and terrestrial sensors manufactured. Many of these sensors are the result of emerging technologies (eg, Krabach, 2000) , with the processing and interpretation of the data acquired benefiting from advanced cessing algorithms, such as a suite of machine learning methods (eg, Sanchez-Hernandez et al., 2007; Mas and Flores, 2008; Foody, 2009) . Furthermore, continued revolutions in Information Communication Technologies have afforded provision of 'off-the-shelf ' remotely sensed data sets and derivatives (eg, MERIS Terrestrial Chlorophyll Index product available from the UK's NERC Earth Observation Data Centre (NEODC)), with websites focused solely on publishing images, articles and engendering participation (eg, the NASA's Earth Observatory, which was 10 years old in April 2009). Additional repositories of imagery include Google Earth, Microsoft Bing Maps for Enterprise and others which also have the capabilities of image display and analysis. Against this backdrop of enthusiastic development are those who offer words of caution, particularly on the growing commercialization of remote sensing for Earth observation, which could limit the availability of remotely sensed data for research purposes (eg, Loarie et al., 2008) .
While compiling this special issue of Progress in Physical Geography, I was mindful of the framework of questions put forward by Estes et al. (1980: 44) [physical] geographers to do in the future which could be of signifi cance to professional and academic geography?'. This special issue contains seven papers, each discussing the status of remote sensing within the different interdependent parts of Earth's system over the last decade. These papers afford us a useful insight into the spatial and temporal scales addressed, the methods used and the diverse array of remotely sensed data types employed (optical, thermal, radar and LiDAR from terrestrial, airborne and satellite platforms), as well as current limitations and future expectations of remote sensing. Both incremental and step changes in the use of remote sensing in physical geography over the past decade are evident.
Anderson and Croft (2009) provide a critical insight into the role played by remote sensing in the fi eld of pedology, focusing on soil surface monitoring. The two key properties of soil, surface roughness and moisture, are specifi cally considered since they have benefited most from recent cutting-edge advances in remote sensing since the turn of the century. It is noted that the mapping of soil surface roughness structure has benefited from optical remote sensing (eg, hyperspectral systems in the near infrared and shortwave infrared), with advances in microwave systems (eg, the German TerraSAR-X satellite system) contributing significantly to soil moisture estimation. This latter point is echoed in the papers by Kidd et al. (2009) and Tang et al. (2009) , soil moisture being an important input into both metrological/climate and hydrological studies. In particular, satellite sensor data have become even more invaluable with the advance of numerical weather prediction models (Kidd et al., 2009) : observing the atmosphere exploits both low-Earth (including polar) orbiting (eg, the Cloud Profiling Radar (CPR) on CLOUDSAT) and geostationary satellite systems (eg, the Spinning Enhanced Visible and Infrared Imager (SEVIRI) on the Meteosat Second Generation satellite system). Kidd et al. (2009) provide a comprehensive overview of how remotely sensed data from these systems are used, including surface temperature estimation, at or near surface radiation recording, (near real time) rainfall measurement, near surface wind monitoring and GPS radio signal path delay. It is concluded that the recent development of new observational capabilities has led to new insights into atmospheric processes and their interaction, allowing the consequences of anthropogenic activities, such as climate change, to be monitored. Sutton et al. (2009) specifi cally address the fundamental questions regarding the anthropogenicenvironment-sustainability problematic in their paper which suggests that pavement, which can be mapped through remote sensing (from the DMSP OLS, Terra/Aqua MODIS, SRTM and high-spatial resolution systems, calibrated using aerial photography), could be a very useful proxy measure of human impact on the environment. It is concluded that this satellite-derived constructed area per person index can serve as a proxy measure of ecological footprints at both the national and subnational level. Newton et al. (2009) also fully support the contribution that remote sensing can make in the provision of information of considerable societal value. Their paper on the use of remotely sensed data by landscape ecologists emphasizes the need for a sound understanding of landscape properties in order to quantify the value of ecosystem services and to prioritize areas for biodiversity conservation and management. Unfortunately, Newton et al. (2009) put forward evidence that demonstrates limited use of remote sensing in landscape ecology. Here it would seem that this part of physical geography is lagging behind other parts in their use of remote sensing despite the many airborne and satellite sensor data sets available in the past 10 years. This contrasts with studies of hydrological and geomorphologic systems which have benefi ted greatly from remotely sensed data. Tang et al. (2009) review how satellite remote sensing is a viable source of observations of land surface hydrologic fl uxes and state variables, particularly in regions where in situ networks are sparse. They show that most of the constituent variables in the land surface water balance can now be measured at varying spatial and temporal resolutions and accuracy via remote sensing, benefiting particularly from the launch of NASA's Earth Observing System (EOS). Further work is required, however, to close the surface water budget from remote sensing alone, and more work is required on a complement of remote and in situ measures of Earth system dynamics. This is also the view of Quincey and Luckman (2009) who focus on the remote sensing data sources available to ice-sheet studies. Their paper demonstrates that the integration of a range of remote sensing data sets can provide information on ice-sheet dynamics and volume changes, melt patterns and formation and drainage of supra-and subglacial lakes. Such data are highly complementary to fi eld investigations by providing a regional-scale, synoptic perspective. Data from sensors such as Terra ASTER, Envisat ASAR and ICESat GLAS have been processed using novel techniques (eg, scatterometry) to provide vital information without which an understanding of ice sheets would be far less advanced. There remain several key challenges for remote sensing, in particular relating to the observation of rapid dynamical changes that are characteristic of contemporary icesheet response to continued climatic warming (Quincy and Luckman, 2009).
Other geomorphological endeavours that have benefited from recent advances in remote sensing include aeolian landform monitoring and small catchment monitoring (Smith and Pain, 2009 ). In their review, Smith and Pain note that remote sensing is now delivering data on land surface elevation and subsurface characterization, at increasingly finer spectral (hyper) and spatial (closerange <200 m) resolutions, thus affording landform description/classifi cation, process characterization and the exploration of linkages between landforms and processes. There is an aspiration for a truly multidimensional 'digital Earth'; however, they purport that this would require a paradigm shift in the way that data are analysed.
As stated by Foody et al. (2009) , remote sensing has a fi rm and extensive foundation for future developments and advancement which can only benefi t physical geography and its interrelated fi elds. A number of texts have been recently published on the future of remote sensing (eg, National Science and Technology Council, 2007) . Many predict an increase in the number and diversity of remote sensing systems, particularly as a result of growth in commercial outfi ts and additional nations moving into the Earth observation arena (Tatem et al., 2008; Warner et al., 2009) . Notable near-term sensing systems planned for launch include the joint initiative of the European Commission and European Space Agency's Global Monitoring for Environment and Security set of Earth observation satellite assets, called the Sentinels (Wulder et al., 2008) and GeoEye-2. It is hoped and anticipated that enhanced and new technology will provide sensors with the capabilities unimaginable in the twentieth century. For example, although the GRACE microgravity mission has demonstrated the capability to provide information about total water storage variations at subcontinental scales its application to hydrological problems is still limited by its coarse spatial resolution (Tang et al., 2009) . Moreover, there is a desire to generate accurate and detailed digital elevation data from remote sensing imagery, such as that so essential for accurate estimation of ice-sheet extent (Quincey and Luckman, 2009 ). There are also calls for a critical look at the sustainability of remote sensing (eg, Harris, 2009) , particularly given the problems with the Landsat and the National Polar-Orbiting Operational Environmental Satellite System (NPOESS) missions (Goetz, 2007) and that the maximum value of remote sensing is in the provision of long-term temporal data sets with global coverage at appropriate spatial resolutions (Tatem et al., 2008; Tang et al., 2009) . This is particularly pertinent for those involved in the operational applications of remote sensing. For instance, as noted by Kidd et al. (2009) , future meteorological and climatological studies will rely on the planned operational capabilities afforded by the polar-orbiting missions of European MetOp series of satellites and the US NOAA satellites (eg, NOAA-N, 2009 onwards) and complemented by geostationary satellites such as the GOES-R satellite, the Advanced Baseline Imager (ABI), and the Meteosat Third Generation.
A number of challenges and opportunities will prevail in the selection of appropriate sensor data sets (Warner et al., 2009) and how to use these optimally. One area of future endeavour in achieving optimality is most likely to be in the development of multisensor approaches, exploiting the strengths and overcoming the weaknesses of particular sensors. Anderson and Croft (2009) note this with regard to achieving robust representation of soil surface heterogeneity toward a more complete understanding of scale-relevant land-atmosphere feedbacks. Related to this is the anticipated requirement to improve consistency and/or transferability among sensors and/or satellites. This would benefi t the estimation of hydrological quantities which often require input variables from more than one sensor (Tang et al., 2009) and satellite-based estimates of more than one variable.
Although this special issue has primarily focused on the physical environment, it is pertinent to note that one pressing area of research in the near future should centre on the linking of social data to remotely sensed data (ie, as promoted by Liverman et al., 1998) . This would mobilize further the understanding of how humans use the land and modify hydrology, ecology, geomorphology, climate and biogeochemical cycles (Liverman and Cuesta, 2008; Crews and Walsh, 2009) . A number of articles in this special issue highlight this need and suggest how this may be achieved. Kidd et al. (2009) refer to the need for remotely sensed observations and derived products to be related to and for science to be driven by societal needs. Sutton et al. (2009) refer to an Earth information system with an enhanced focus on observing and understanding the impact of humans on the Earth system. Here space-derived information on urban areas can provide a platform for fruitful interdisciplinary collaboration among Earth scientists and social scientists.
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Another people-physical environment arena where remote sensing will play an ever important role is hazard assessment and disaster management (Teeuw et al., 2009) . This is picked up by Smith and Pain (2009) who remark how the continued deployment of low-cost satellite constellations, in the form of the Disaster Monitoring Constellation and RapidEye, for continuous Earth surface monitoring will be pertinent for sub-50 m spatial resolution multispectral monitoring of the environment, so essential in rapid response situations such as natural hazard mitigation. Newton et al. (2009) call for increased interdisciplinary collaboration involving specialists in remote sensing which would provide new opportunities for insightful research. Such a move towards interdisciplinary collaboration is one that is encouraged by many to occur within physical geography (ie, overcoming the recent prevalent reductionist trends), between physical and human geographers (Harrison et al., 2004; Pitman, 2005) and within twenty-fi rst-century science as a whole (National Science Board, 1999). As Colwell (2004: 704) observes, 'science progresses in synchrony with the refi nement of cutting-edge instruments (as geographers, above all, know)'; there is much evidence of this in this special issue. The visions of communities such as those behind Global Earth Observation System of Systems would engender this further. Already we are seeing the exploitation of technologies that seemed 'out-of-this-world' at the beginning of this century (eg, autonomous vehicles; Maslanik et al., 2003) . However, technological advances alone will not be enough. Geographers and those working in interrelated fi elds will need to equip themselves with suitable modes of thinking and analysis of real-world complexity (Wilson and Burrough, 1999; Crews and Walsh, 2009 
